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Read these instructions:

1. This test has 10 pages. It is your responsibility to check at the beginning of the test that all
of these 10 pages are included.

2. If you need extra answer space for any question, use the back of a page or the last page.
Clearly indicate the location of your continuing work.

3. The following are forbidden at your workspace: calculators, any other kind of electronic
aid or device (e.g. cell/smart phones, i-pads, i-phones, etc.), scrap paper, food, textbooks,
bags, pencil/pen carrying cases, drinks in a paper cup or box or similar container that has a
removable label.

4. Cell/smart/i-phones must be turned off and left at the front of the test room.

5. You are encouraged to write in pen or other ink, not pencil. If any part of your test is written
in pencil, then you will be denied any re-grading opportunity.
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Print letters for the True/False Questions in these boxes.

Do not write anything in the boxes below.
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Part A - True / False Questions For each of the following assertions answer only with
T = " Always True” F = "False” (i.e. Not Always True) O = "You Do Not Know”

Each right answer earns 3 points. Each wrong or ambiguous answer earns —1 point. Each O earns
0 points. A small workspace is provided for your rough work. Put your answers in the boxes
at the top of page 2

1. Every non-empty subset of the positive real numbers has an infimum.
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3. Assume f and g are functions defined on R such that f(z) < g(z) for all z. If Jim f (@) = &y
and }LII}CQ(.’E) = Ly , then L; < Lo.
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A. Let h be a function defined for all real numbers and assume :%1_:[)% h(ac) = [ . We can deduce

that given any € > 0 there exists & 6 > 0 such that |h(z) — | < ¢ whenever |z —a| <.

@ We need O <lx-al=d’. Zxawple: ,{3'[“:{0 x=#0
l o

| % =0
im W =0 ot |hy -0l = | S
>0 o
5. Assume functions f and g are defined for all real numbers. Then f and g are continuous at a
point ¢ if and only if the sum function f + g is continuous at c. i 3 p X <0
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) is continuous on the interval (—oc, —1).

7. If a polynomial y = p(z) has the property that |p(z)|? < |p(z)| for all z €{0,1], thenp
has a fixed point in [0, 1]. ? 4
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Part B - Full Solution Questions Put your answers and solutions in the space provided.
Full points will be awarded for your solutions if and only if they are correct, complete, and show
sufficient relevant concepts form MATA37.

1. {a) Let h be a function defined on a set of real numbers D. Give the precise definition of
what it means to say that lim h{z) exists.
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2. Assume f and g are functions defined on R. and continuous at a point a. Give a complete
and accurate proof that the product function fg is also continuous at a.
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3. (a) Give a complete and accurate proof that o = — + .l is algebraic.
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(b) Let 5 € Rand define A={ze€Q : z <8} Justify why sup(A) exists and show that
sup(A) = 8 . You may use the fact that the set Q of rational numbers is dense.
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4. (a) State the triangle inequality. [2 points]
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(b) Use the Principle of Mathematical Induction (PMI) to prove the following:
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5. The parts of this question are independent of each other.

(a) Let E be a set of real numbers and let h: E — R be a function that is continuous and
positive at a point c. Prove there is an open interval I containing ¢ such that h(z) > 0
forallz € ENI.

\/\}{ hove Hud Wie) 7o andd h s s
ok ¢, . owith £= 2850, Jdvo s

ot (oo - ho|< 28 fov all xe E

Guc\« ‘H\O& \\L'_C‘C ‘
Now \\‘—C\chégp S = w & Sl
& xe(c-3,¢x8) = L

i xeENT, wen -t | < 2L

7o — k‘.[-?) < hip *"‘(C)

2 \f\(c)
=X k‘%‘ 2 Wiy)  so hv) > =

[7 points]

(b} Give an example of functions f and ¢ that are both continuous at 0, but the composition
function f o ¢ is not continuous at 0. [4 points]

v if xe @ i J4
\—-17\' 'C(*)z%—\‘ ?-P X & \\\ /(j

A——-'——:J . = T
-(2 s ots ot O(Qvui ow\x(@a) o ~ x
7 T \‘\

Lb‘\' A L) = el  whichk Ts
cAs ot 2er real ¥ et i e

Eogqyor= Flym)= foen=q () of vaeT

5 Fy \
AN s
4 04 7S oy cts a:" =
. e /r/ ‘F 3 t " \{ )
"’*_,(\"lw\ 0 - . So no*\“ C/{‘S o:“ & .
P T
. N LT“M& s MDLN-{ o Ther

QA O F\-'cs j



6. (a) Give a precise statement of the Intermediate Value Theorem (aka IVT). [4 points]
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